Studies on the degree and types of branching of various dextrans have been carried out by a variety of chemical methods, e.g. methylation, periodate oxidation and cuprammonium complex formation (Neely, 1960) . There has been, however, no systematic attempt to study the structures of dextrans by enzymic methods such as those used by Manners (1959) and Bines & Whelan (1960) (1960) . Bailey, Hutson & Weigel (1961) reported a detailed study of the action of Lactobacillu8 bifidus dextranase on the branched dextran of Leuconostoc me,8enteroide8 (Birmingha strain). We have now examined the mechanism of action of two mould dextranases.
The PeniciUlium dextranases have been chosen for further study because, when the moulds are grown in media containing dextran, culture ifitrates containing very high endodextranase activities are readily obtainable. Inducible production of dextranase by certain of these moulds when grown on L. me8enteroide8 (NRRL B-512) dextran was first noted by Tsuchiya, Jeanes, Bricker & Wilham (1952) . The resulting extracellular dextranases were shown to cleave dextran randomly to glucose, isomaltose and isomaltotriose. Highly branched dextrans were not readily hydrolysed by these preparations, but no detailed studies were reported. The availability of essentially unbranched dextran from Streptococcus bovis (Bailey, 1959) Solid material was removed by centrifuging at 3000g. The culture fluids were then made 5 mm with respect to sodium citrate, pH 6-0, and dialysed against four changes of 5 mM-sodium citrate, pH 6-0, at 00. The fluids were then centrifuged at 6000g and freeze-dried to brown powders. Yields were about 5 g./1-2 1. of culture fluid. Dextrana8e activitie8. The method used was similar to that of Tsuchiya et al. (1952) except that digests were carried out in 0-1 M-sodium citrate buffer and 1 mg. of enzyme preparation was used instead of 1 ml. of culture filtrate. Reducing powers were determined by the method of Shaffer & Hartmann (1921) , with isomaltose as a standard. One unit of enzyme is defined as the amount that will produce 1 m-mole of isomaltose monohydrate from S. bovi8 dextran in 1 hr. at 400 under the conditions described above.
Dextran-dextrana8e dige8ts. Digests were prepared from dextran solutions (100 mg. in 10 ml. of water), 0 2M-sodium citrate buffer, pH 5 0 (20 ml.), and dextranase (various amounts in 10 ml. of water), and incubated at 370 under toluene.
Variations of dextranase activities with digest conditions were measured at the above concentrations, varying the pH of the buffer and the incubation temperature. Liberation of reducing sugar was measured by the method of Shaffer & Hartmann (1921 Oligo8accharide-dextrana,8e dige8t8. Oligosaccharide (about 10 mg.) in 0-2M-citrate buffer, pH 5.0 (1 ml.), was incubated with dextranase (2 mg. in 1 ml. of water) at 370 for 16 hr.
Digests were de-ionized with Amberlite resin IR-120 (H+ form) followed by Amberlite resin IR-45 (0H1 form), concentrated in a vacuum desiccator and analysed by paper chromatography and ionophoresis in molybdate solution.
Paper chromatography. The upper layer of an ethyl acetate-pyridine-water mixture (2:1:2, by vol.) was used as a solvent. Compounds were detected with acetone-silver nitrate-ethanolic sodium hydroxide (Trevelyan, Procter & Harrison, 1950) . Urea-phosphoric acid (Wise, Dimler, Davis & Rist, 1955) was used for the detection of ketoses.
Aniline-diphenylamine-phosphoric acid (Schwimmer & Bevenue, 1956 ) was used for the detection of, and distinction between, oligosaccharides with a maltose-(blue spot) and an isomaltose-type reducing group (green spot).
Paper ionophoresi8. Ionophoresis was conducted in 0-1 M-molybdate, pH 5.5 (Bourne, Hutson & Weigel, 1959 Tsuchiya & Rist (1953) characterized these compounds and found them to be the main products when P. funicuto8um (NRRL 1132, i.e. I.M.I. 79195) dextranase hydrolysed L. me8enteroides (NRRL B-512) dextran. The liberation of reducing sugar with time in a standard digest was followed and is shown in Fig. 1 . No significant increase of reducing sugars was observed after about 3 hr., except with P. funiculo8um (I.M.I. 40235) dextranase.
Effect of pH and temperature on dextranase activity. Standard digests, containing S. bovi8 dextran, were incubated for 0-5 hr., except those of Action of the dextranases on i8omaltodextrins. The pattern of hydrolysis of isomaltodextrins was studied by incubation with the dextranases under standard conditions. The products (glucose, isomaltose and isomaltotriose) were fractionated by paper chromatography (Lederer & Lederer, 1957) and their relative molar yields determined with anthrone (Yemm & Willis, 1954) . The results are shown in Table 2 , where they are compared with those obtained from S. bovi8 dextran. The only significant difference between the activities of dextranases A and B seemed to be that the latter produced slightly more glucose and less isomaltotriose from isomaltodextrins than the former. Two digests were prepared containing isomaltotriose (10 mg.) in 0 1M-citrate buffer, pH 5 0 (2 ml.), and dextranase (10 mg.), and incubated at 370 for 3 days. De-ionization and analysis by chromatography revealed that slow hydrolysis to isomaltose and glucose had occurred. This hydrolysis had proceeded further with dextranase B than with dextranase A. Elution of sugars from chromatograms and determination with anthrone revealed that, under those conditions, dextranase A hydrolysed about 15% of the isomaltotriose, and dextranase B about 30 %.
Action of the dextranares on i8omaltodextrinol8. Isomaltodextrinols were digested under standard conditions; the products were fractionated by paper chromatography and subjected to ionophoresis in molybdate solution, when reducing and nonreducing sugars were quickly separated (Bourne, Hutson & Weigel, 1961) . The results are shown in Table 3 . Visual estimation of the chromatograms and ionophoretograms showed that approximately equal quantities of the alcohols and reducing sugars of a particular degree of polymerization were formed. Dextranases A and B appeared to hydrolyse the substrates in the same manner. Action of the dextranases on other modified i8o-maltodextrins. Four oligosaccharides were incubated with dextranases under standard conditions. The products were identified by chromatography with the silver nitrate and aniline-diphenylamine reagents. Ionophoresis in molybdate solution, a specific test for 6-0-substituted fructoses (Bourne, Hutson & Weigel, 1960) , and the urea-phosphoric acid spray were used to detect isomaltulose in the hydrolysate of isomaltotetraulose. It was not evident, from chromatographic analyses, that the pentasaccharide was cleaved preferentially to a particular mixture of di-and tri-saccharide. The results are shown in Table 4 .
Action of the dextranases on branched dextrans. Dextranases A and B were separately incubated under standard conditions with a number of dextrans of various types and degrees of branching. All the dextrans (except S. bovis dextran as control) were from various strains of L. mesenteroides. The reducing sugar liberated was measured as isomaltose at intervals over 10 hr. No significant isomaltose, maltose Isomaltose, methyl ocglucosidet * Traces of glucose were present in the products; however, only the main hydrolysis products, as revealed by the aniline-diphenylamine spray, are shown above.
t Slow reaction with silver nitrate reagent.
increase of reducing sugar was observed after incubation for about 3 hr. The average values obtained after incubation for a further 7 hr. are show-n in Table 5 . DISCUSSION Production of extracellular dextranases by strains of P. lilacinum and P. funicu10sum is induced when the moulds are grown in media containing the virtually unbranched S. bovis dextran. Their general properties do not seem to differ from the preparations elaborated in media containing the branched dextran of L. mesenteroides (NRRL B-512) (Tsuchiya et al. 1952) .
The products of the action of the dextranases on S. bovis dextran are glucose, isomaltose and isomaltotriose, isomaltose being the main product.
This suggests that isomaltotetraose is the smallest readily hydrolysed isomaltodextrin. This has been shown to be the case, the molecule being hydrolysed principally at the central glycosidic linkage to give isomaltose.
The composition of the hydrolysate of isomaltopentaitol shows that the two non-terminal glycosidic linkages are hydrolysed at similar rates and much faster than the terminal linkages. Likewise the non-terminal glycosidic linkages of the isomaltohexaitol are readily hydrolysed. It can be assumed that the same is true for isomaltopentaose and isomaltohexaose.
When the reducing glucose unit of isomaltotetraose was replaced by sorbitol (6-0-oc-isomaltotriosylsorbitol), fructose (6-0-a-isomaltotriosylfructose), an oc-1-+-4-linked glucose unit (4-0-ac-isomaltotriosylglucose) or a methyl group (methyl c-isomaltotrioside), hydrolysis still occurred at approximately the same rate and there was no change in the pattern of the hydrolysis. This shows that the dextranases have no preference for a (1954) . § Scott, HeRman & Senti (1957) . Bioch. 1962, 85 Origin of dextran Vol. 85 161 particular type of chain-end, a result which is in accordance with the properties of endopolysaccharases. It thus seems that the essential requirements for ready hydrolysis to occur are realized in methyl oc-isomaltotrioside, where the terminal glucosidic linkage at the 'reducing end' is merely an ao-glucosidic linkage. It is therefore probable that the dextranases hydrolyse readily virtually unbranched dextran, isomaltodextrins or modified isomaltodextrins containing not less than three glucosidic linkages, the hydrolysis being principally at glucosidic linkages other than the terminal ones, as shown in Fig. 2 . Small amounts of glucose were found in all cases when dextran or isomaltodextrins were acted on by the dextranases. Similarly, traces of glucose and sorbitol were found when isomaltodextrinols were hydrolysed. As expected from these results, isomaltotriose was hydrolysed only very slowly. Whereas Walker & Whelan (1960) found that starch and maltotetraose represent the two extremes of molecular size on which salivary oc-amylase acts rapidly, the extreme molecular sizes for the dextranases are represented by dextran and methyl oc-isomaltotrioside. The marked difference in rate of hydrolysis between methyl oc-isomaltotrioside and isomaltotriose might be due to such properties as mutarotation of reducing sugars, the electronic structures of the substituents Xn the terminal glucosidic oxygen, or both. Anomalous linkages in natural dextrans usually occur as branch linkages and it is likely that they will affect the pattern of enzymic hydrolysis. Table 5 shows that the final amount of reducing sugar liberated is markedly lowered with increasing degree of branching. This indicates that the products from a branched dextran are of greater average molecular size than those from an unbranched dextran. It is likely that these limit Fig. 2 . Action of dextranases on dextran, isomaltodextrins and modified isomaltodextrins. -, a-1--6-link; -, -link; G, glucosyl unit; R, glucose, fructose, sorbitol or methyl group; ----+, principal points of hydrolysis.
dextrins contain the anomalous linkages and will be formed for two reasons: (i) the dextranases are incapable of hydrolysing the anomalous linkages and (ii) the anomalous linkage renders a neighbouring region in the dextran molecule incapable of being hydrolysed by the dextranases. Analysis of the limit dextrins containing the anomalous linkages would aid both structural studies of dextrans and investigations of the mechanism of dextranase action. SUMMARY 1. Extracellular dextranases are adaptively produced by strains of Penicillium lilacinum and P. funicuIo8um grown in media containing the virtually unbranched Streptococcu8 bovis dextran.
2. The products of the action of the dextranases on S. bovis dextran are glucose, isomaltose and isomaltotriose, isomaltose being the main product.
3. The dextranases readily hydrolyse virtually unbranched dextran, isomaltodextrins or modified isomaltodextrins containing not less than three glucosidic linkages, the hydrolysis being principally at glucosidic linkages other than the terminal ones.
4. The number of reducing groups liberated from various dextrans by the dextranases is markedly lowered with increasing degree of branching of the dextran molecule.
(Received 23 February 1962)
The place of glyoxylate as an intermediate in glycine metabolism has been reviewed by Weinhouse (1955) , although its importance in the intact animal is still under discussion (Neuberger, 1961; Liang, 1962a, b) . Nakada & Sund (1958) , who studied the decarboxylation of glyoxylate by washed liver homogenates and prepared a partially purified glyoxylate decarboxylase from liver mitochondria, suggested that glyoxylate and L-glutamate condense to form N-glyoxyl-L-glutamic acid (N-carboxymethylene-L-glutamic acid), which is either hydrolysed to glycine and 2-oxoglutarate or decarboxylated by glyoxylate decarboxylase to N-formyl-L-glutamic acid. According to this scheme formic acid and L-glutamic acid are produced by the subsequent hydrolysis of N-formyl-L-glutamic acid. Glyoxylate can also be oxidized enzymically to oxalate in vitro (Ratner, Nocoto & Green, 1944; Nakada & Weinhouse, 1953a; Richardson & Tolbert, 1961; Quayle & Taylor, 1961) and in vivo (Weinhouse & Friedmann, 1951) .
The present work was designed to investigate the mechanism of glyoxylate metabolism in intact mammalian liver mitochondria. We also attempted to determine whether N-formyl-L-glutamic acid was a metabolic intermediate in this system as well as in Nakada & Sund's (1958) system. The cytochrome-oxidase activity of the mitochondria was used as an independent criterion of their biological activity.
Some of the results presented here have been the subject of preliminary communications (Crawhall & Watts, 1960 .
MATERIALS AND METHODS
Melting points are uncorrected and microanalyses (C, H, N) were by Weiler and Strauss, Oxford, and by A. Bernhardt, Muilheim.
